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Abstract—Ring-fused alkylidenecyclopropanes, bicyclo[n.1.0]alkylidene derivatives, were readily synthesized by olefination reac-
tion of bicyclo[n.1.0]alkanone N,O-hemiacetals with Wittig reagents in good yields. © 2001 Elsevier Science Ltd. All rights
reserved.

Methylenecyclopropane and its derivatives are very
attractive and useful substrates due to their unique
reactivities originating from their highly strained struc-
tures, and they have been widely used for many kinds
of organic reactions; i.e. cycloaddition reactions,1,2 pho-
tochemical reactions,3 and transition-metal catalyzed
reactions such as silaboration,4 diboration,5 silylcyana-
tion,6 hydrosilylation,7 hydrostannation,8 hydroamina-
tion,9a hydroalkoxylation,9b hydrocarbonation,9c and
other reactions.9d–f Due to demands for these com-
pounds as substrates for organic reactions, facile and
general methods for preparation of various kinds of
methylenecyclopropane derivatives are now required.

There are many reports on the preparation of
methylenecyclopropane derivatives, and these reports
have recently been summarized in a review.10 However,
only a limited number of studies on preparation of
ring-fused methylenecyclopropane (bicyclo[n.1.0]alkyli-

dene) derivatives have been reported; i.e. reaction of
alicyclic ketones with lithium trimethylsilyldia-
zomethane in the presence of a large excess of olefins,11

reaction of cycloalkenes with vinylcarbenes generated
from 1-chloro-2-methylpropene,12 5,5-dimethyl-N-
nitrosooxazolidones,13 or vinyl triflates14 in the presence
of a strong base, and reaction of aldehydes with �-
lithio(cyclopropyl)silanes followed by treatment with
t-BuOK.15 These preparations, however, have several
drawbacks: the use of complex reagents, strong bases,
and excess olefins; long reaction time; low yields; and
limitations of functional groups in substrates. There is
no general method for the preparation of these unique
olefins containing various functional groups.

We previously reported a facile and general method
for synthesis of bicyclo[n.1.0]alkanone N,O-acetals
and N,O-hemiacetals from enamines of cycloalka-
nones.16,17

Scheme 1.
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During the course of our studies on synthetic applica-
tions of those compounds, we recently found that ring-
fused methylenecyclopropanes, carrying various
functional groups on the C�C bond, could be readily
synthesized by the reaction of the corresponding alka-
none N,O-hemiacetals with Wittig reagents in one step
in good yields. In this paper, we describe a convenient
synthesis of six-, seven-, and nine-membered ring-fused
alkylidenecyclopropanes 4, 10 and 11 by olefination
reaction of the corresponding alkanone N,O-hemiac-
etals 1, 6, 7, 8 and 9 with Wittig reagents 2.18

Reaction of bicycloalkanone N,O-hemiacetal 1, readily
prepared by our procedure,16,17 with monosubstituted
Wittig reagent 2a in the presence of a catalytic amount
of benzoic acid19 in toluene under reflux predominantly
gave aminonorcarane 3, with expected ring-fused alkyli-
denecyclopropane 4a in low yield (Scheme 1).

GLC analysis of the reaction mixtures showed that a
peak of 4a appeared as a major product in the initial
stage of the reaction and that its yield reached about
75% within a few minutes after the start of the reaction.
However, we failed to obtain 4a in a reasonable yield,
and 3 was obtained as a final and major product. These
results indicate that, in the present reaction, 4a was
formed initially and then the liberated amine immedi-
ately attacked the �-carbon of �,�-unsaturated ester 4a
to give 3 predominantly. It has already been reported
that the C�C double bond of methylenecyclopropane
derivatives carrying an electron-withdrawing group is
reactive as a Michael acceptor.20 Actually, a reaction of
the alkylidene derivative 4a, independently prepared
from hemiacetal 5 and Wittig reagent 2a, with amines
readily afforded 3. Accordingly, it is expected that
selective formation of 4a can be achieved by removal of
the liberated amine from the reaction media as soon as
it is generated (Scheme 2).

We examined the reaction of 1 with Wittig reagent 2a
in the presence of several neutral and acidic additives as

shown in Table 1. When benzoic acid was used both as
a catalyst and as an additive, only a complex mixture
was obtained (entry 2). On the other hand, 4a was
selectively produced in moderate to good yields when
the reaction was carried out in the presence of molecu-
lar sieve 4 A� , Amberlyst® 15, or Kyowaad ® 700
(Al2O3·9SiO2·xH2O)21 with a catalytic amount of ben-
zoic acid (entries 3–10). The best result was obtained in
the reaction of N,O-hemiacetal 1 with Wittig reagent 2a
in the presence of 5.7g of Kyowaad® 700 and a catalytic
amount of benzoic acid to give methyl bicy-
clo[4.1.0]hept-7-ylideneacetate 4a in 82% yield (GC
yield 87%) (entry 10, Table 1).

We also carried out similar reactions of norcaranone
N,O-hemiacetals 1, 6, and 7 with monosubstituted Wit-
tig reagents 2a–d in the presence of Kyowaad® 700 as
shown in Scheme 3. In all cases, six-membered ring-
fused alkylidenecyclopropanes 4a–d were selectively
obtained in 59–82% yields, and no aminonorcarane
such as 3 was obtained.

Scheme 2.

Table 1. Reactions of bicycloalkanone N,O-hemiacetal 1 with Wittig reagent 2a in the presence of several additivesa

AdditiveEntry Amount of additive (g) Product yield (%)b

3 4a

None1 52 19–
2 Trace0.98 (4 equiv.) TraceBenzoic acid

Molecular sieves 4 A� 0.63 6 45
Amberlyst® 15 0.24 13 53

0.45 Trace 58
0.8 0 456

Kyowaad® 700c 1.4 21 377
7092.98
834.39 1

010 5.7 87

a A mixture of 1 (5 mmol), 2a (6 mmol), and benzoic acid (0.02 g) in toluene (25 mL) was heated with additives under reflux for 2 h except for
entry 1 (6 h).

b GC yield.
c Al2O3·9SiO2·xH2O (commercially available from Kyowa Chemical Industry Co., Ltd).
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Scheme 3.

Interestingly, when disubstituted Wittig reagents 2e–f
were used in the reaction of 1, substituted methylenecy-
clopropanes 4e–f were exclusively obtained in 69–98%
yields even in the absence of Kyowaad® 700. In these
cases, no aminonorcarane was formed (Scheme 4).

By using the same procedure, we could also synthesize
seven- and nine-membered ring-fused alkylidenecyclo-
propanes 10a–b, 10e, and 11a–b in 70–78% and 63–68%
yields, respectively (Scheme 5).

Proposed reaction pathways of the present reaction are
shown in Scheme 6. The formation of ring-fused alkyli-
denecyclopropanes D proceeds probably via iminium
cation B, which is formed from bicycloalkanone N,O-
hemiacetals A under mild acidic conditions. Iminium
cation B is sufficiently stable in situ to be trapped by
various nucleophiles.22 The reaction of B with Wittig
reagent 2 gave 1:1 adducts C, and then elimination of
an iminium salt of triphenylphosphine E gave D.
Iminium salt of triphenylphosphine E is converted into

Scheme 4.

Scheme 5.

Scheme 6.
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triphenylphosphine oxide F and amine G by reaction
with water, which was produced initially during the
process of formation of iminium ion B. Although the
roles of additives are not clear, we speculate that they
have the following two roles in the present reaction
pathways. One is removal of liberated amines from
reaction media. This effect would inhibit Michael addi-
tion of amine to a conjugated system of product D (see
Scheme 2). Another possible role is removal of water
that formed in an initial step. This effect results in no
generation of amine G.
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